A novel endopeptidase degrading the pel)tide cross-links in sacculi has been isolated from Escherichia coli and purified to homogeneity. I'lhe enzyme has a molecular weight of 30,000 and, in contrast to already known enzymes of similar specificity, remains fully active in the presence of/3-lactam antibiotics. In adldition, it is exceptional in being inhibited by single-strandetl tleoxyribonucleic acid aild by some polynucleotides. The possible role of the enzymne in cell div-ision is discussed.
Hydrolytic enzymes (1, 2, 6, 11, 12, 18) participate in the metabolism of nmurein sacculi (21) and uindoubtedly p)lay a role in the maintenance of bacterial cell shape. In Escherichia coli, however, the precise biological role of the many murein hydrolases which have been identified remains largely obscure. Among these enzymes, endopeptidases split peptide bridges cross-linking the glycan chains of murein and ar-e strongly inhibited by penicillins, although they are not assumed to be the lethal targets of /3-lactan antibiotics (5, 9) . I)uring purification of a l)enicillin-sensitive Dr-endopeptidase found to be identical with D-alanine-carboxypeptidase IB (18) , we found a novel species of DD-endopeptidase which was totally insensitive to p)enicillin G; some prol)erties of the enzyme have been described previously (20; U. Schwarz Membranes, 1977) . The enzyme thus belongs to a class of hydrolases which remain active in the presence of penicillin and mav be the cause of pericillin-in(duced cell lvsis.
In this paper we report on the purification to homogeneity and the p)roperties of the novel endopeptidase. This enzyme is interesting not only because of its biological function but also because it has already been proven to be a powerful analytical tool; we have used it to elucidate the arrangement of the glycan chains within macromolectular sacculi (20) .
MATERIALS AND METHODS
Cell extraction and initial enrichment of en- (ii) Endopeptidase activity. Endopeptidase activity was determined with the dimeric muropeptide C3 as a substrate which is converted into a monomeric reaction product (3). Standard conditions for the assay of endopeptidase activity were as follows. In a 40-rl total volume (10 mM Tris-maleate, pH 6.0, 10 mM MgSO,, 0.2% Triton X-100), 5 The enzyme concentrate obtained after chromatography on DEAE-Sepharose (see text) was applied on a poly(U)-Sepharose 4B (Pharmacia) column (0.6 by 8 cm; 10 ml/h), equilibrated with 10 mM potassium phosphate buffer, pH 7.0, with 0.1 mM dithioerythritol. A linear gradient (100 ml ofpotassium phosphate, 10 mM, pH 7.0, 0.1 mM dithioerythritol, 100 ml of the same buffer at a 1 M concentration) was used for elution. Enzyme-containing peak fractions (fractions 1 through 20 were collected at 30 min, and the following fractions were collected at 15-min intervals) were dialyzed (10 mMpotassium phosphate, pH 7.0, 0.1 mM dithioerythritol) and used for a characterization of the endopeptidase (Table 1) .
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Another unusual feature of the endopeptidase gives the key to its final purification. The enzyme interacts very strongly with nucleic acids and nucleic acid analogs, and the interaction is paralleled by inactivation of the enzyme (see below). Based on this observation, the endopeptidase was finally separated from transglycosylase by affinity chromatography on poly(U)-Sepharose. Figure 1 shows the complete separation of the two enzyme species. Endopeptidase activity in the highly purified fraction was enriched approximately 20,000-fold as compared with the crude cell extract ( Table 1 from D-alanine-carboxypeptidase IB, which also shows endopeptidase activity (18) , in that the new endopeptidase is fully active in the presence of penicillin G or of other /3-lactam antibiotics at 100 tzg/ml, including ampicillin, cephaloridine, cephalexin, mecillinam, cefoxitin, and piperacillin. Carboxypeptidase IB is highly sensitive to penicillin G (18) . Furthermore, our enzyme operates exclusively as an endopeptidase; we could not detect any DD-carboxypeptidase activity with UDP-muramyl-pentapeptide as a substrate.
The inhibition of the endopeptidase by DNA and by polynucleotides is striking (Fig. 3) . Single-stranded polymers are much more effective than double-stranded structures. Doublestranded DNA from calf thymus and from beef lymphocytes are almost ineffective, whereas the same compounds upon dissociation into single (Fig. 3B) . Singlestranded structure also is important for the inhibitory effects of polynucleotides. Polyinosinic acid-polycytidylic acid (double stranded) and polyadenylic acid [poly (A)] are very ineffective inhibitors; poly(A) forms double strands at the pH used in our experiments (15) . In contrast, the single-stranded polyguanylic acid and poly(U) are strong inhibitors (Fig. 3A) .
It is too early to speculate on the biological relevance of the inhibition of the endopeptidase by DNA. Although isolation of proper mutants may shed light on the biological role of the enzyme, we see no way to prove or disprove whether DNA may serve as a modulator of enzyme activity. Furthermore, dramatic inhibition by nucleic acids and by oligonucleotides may be the result of a more general phenomenon rather than a specific property of the endopep- The existence of a novel endopeptidase in E. coli was not quite unexpected. In early (12) and also later reports (3, 9, 11, 17, 18), a multiple set of endopeptidases with graded penicillin sensitivities had been implicated. Also recently, a report on a partial enrichment of a penicillininsensitive DD-endopeptidase from E. coli has appeared (19) . A comparison between this enzyme and ours, however, must await more sufficient data.
Our considerations on the possible biological role of the penicillin-insensitive endopeptidase originate from the fact that the enzyme accepts the intact murein sacculus as a substrate, resulting in degradation of the murein network into glycan chains. Because the glycan chains in the sacculus show an orientation parallel to the plane of cell division (20) , and because during normal septum formation the sacculus is enzymatically degraded in the division plane (16) , one may assume that the novel endopeptidase plays an essential role in the complex process of cell division. Further support for this speculation comes from the observation that a topologically controlled hydrolysis of the sacculus at the division site takes place in the presence of even high concentrations of penicillin (16) ; the enzyme involved consequently must be penicillin insensitive, as is the case for our endopeptidase.
